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The rate processes for the adsorption of Disperse Blue 7

on activated carbon have been reported. A number of factors
which affect the rate of adsorption of Disperse Blue 7 on
activated carbon have been studied. The experimental
variables investigated include: the effect of agitation, inftial
dye concentration, carbon particle size and temperature.

The activated energy for the adsorption process was found
to be 34 kJ/mol.

INTRODUCTION
Adsorption on activated carbons has attracted considerable
interest as a feasible treatment for industrial and municipal
waste water. A number of studies have been reviewed [1]
with regard to the adsorption equilibria of activated carbon
with various adsorbates in aqueous systems, However, only
limited information is available regarding the adsorption rate
and kinetics of dye removal processes using carbon as an
adsorbent.

There are four major steps in the adsorption of colour
onte a porous adsorbent:

{i} transport of the dye from the bulk sclution to the
exterior surface of the adsorbent,

(i} movement of dye across the interface to the external
sites where adsorption occurs,

(i) diffusion of the dye molecules into the adsorbent
pores,

and (iv) interaction of dye molecules with the available sites

on the interior sites.

In practice, one or more of the previous steps may be rate
controlling. In the removal of dyes from effluent it is im-
portant to know the nature of the steps which control the
reaction rate, in order that design equations and models can
be developed.

A number of adsorbents have been assessed for their
colour removal properties [2—4] using acid and basic dyes.
The aim of the present work is to assess the ability of activated
carbon to remove Disperse Blue 7 Dye (Cibacet Turquoise
Blue G), a hitherto untested class of dye. The parameters
studied include the effects of carbon particle size, initial
dye concentration, agitation and temperature.

EXPERIMENTAL

Materials

The experiments were conducted using Filtrasorb activated
carbon which was sieved into discrete particle size ranges.
The dye used in all experiments was Cibacet Turquoise Blue
G (C.l. Disperse Blue 7) supplied by Ciba—Geigy and has
the following structure:
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Analysis

The concentration of colouring matter was determined using
a Unicam 8P 1800 spectrophotometer and a 1-cm light path
cell was used for all determinations. The wavelength was
selected so as to obtain maximum absorbance; for Disperse
Blue 7, A e was found to be 590 nm.,

Apparatus

The contact time experiments were undertaken using an
adsorber vessel as shown in Figure 1. A standard tank con-
figuration was used in the design of the vessel and its com-
ponent so that experimental conditions were reproducibie.
The ratio of impeller diameter to tank diameter was 0.5
and the tank or vessel contained eight fixed baffles, evenly
spaced around the circumference. Different degrees of agita-
tion were obtained by a six bladed stainless steel impeller
with a variable speed motor. A glass beaker (2000 cm?) of
internal diameter 0.13 m was used as the adsorption vessel,
The liquid level should also be 0.13 m thus requiring a
volume of 1700 em?®, which was used in all experiments.

RESULTS AND DISCUSSION

(i} Effect of Agitation

A series of contact time experiments were undertaken at
various degrees of agitation and the results are shown in
Figure 2, which is a plot of the amount of dye adsorbed per
gram of carbon, X/M, against the square root of contact
time, t*5, The quantity of dye adsorbed X mg, is determined
using the following equation:
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Figure 1 — Agitation unit
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Figure 2 — Graph of (X/M); against 1*° at various (RPM/
values
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where M = mass of carbon = 3.4 g

C, = initial concentration of dye in solution, mg/I

C, = concentration of dye in solution at time, t, in

mg/i.
in diffusion studies, rate processes are usually expressed

[5] in terms of the square root of time. The data in Figure 2
show the same general form and when all the experimental
data are plotted there are three regions to each curve:

(i) an initial curved portion
{ii) a linear section
and (iii} a final curved portion,

The results show that after approximately six minutes,
the plots are linear, while the initial portion of the plot is
due to surface phenomena. In this model, the particles are
considered as being surrounded by a boundary layer film
through which the dye molecules must diffuse prior to
external adsorption on the carbon surface. The linear portion
of the plots between approximately 10—60% dye adsorption
is due to intraparticle diffusion being predominant in the rate
conirolling step. As the bulk dye concentration and the
surface dye concentration start to decrease, the final portions
of the data in Figure 2 begin to curve due to a decrease in
the rate of diffusion, The siope of the linear portions of the
X/M versus t®5 graphs has been defined [5] as a rate para-

meter k, characteristic of the rate of adsorption in the region
where intraparticle diffusion is rate controlling. Thus, k is
obtained from Egn. 2.
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The values of k at the various levels of agitation in RPM,

revolutions per minute, are shown in Table 1 and a plot of
log k against log RPM is shown in Figure 3 and is linear.

TABLE 1

Rate Parameters, k, g dye/g carbon min %%, for the Various
Levels of Agitation, PV

K 0.28 0.36
RPM 200 300

043
400

0.48
500

0.60
600

{ii) Effect of Initial Concentration of Dye

A series of contact time experiments was undertaken using
different initial concentrations of dye. As in the agitation
experiments a plot of X/M against 195 is linear except during
the early stages of the process and the results are shown in
Figure 4. The values of the rate parameters, k, are listed in
Table 2 for the different initial dye concentrations.

A plot of k versus Cp on logarithmic co-ordinates illus-
trates the concentration dependence of k, since a straight
line is obtained. Theoretical equations for intraparticle
diffusion indicate that the concentration dependence of a
diffision—adsorption process will vary depending on the
characteristics of the adsorption isotherm and on the fraction
of solute adsorbed at equilibrium. In the case of intraparticle
diffusion only being the rate-determining step it was found
that k varied with the square root of the initial concentra-
tions used [B]. Figure 5 shows the data for the adsorption
of Disperse Blue 7 on carbon and Eqgn 3 relates the rate
parameter to the initial dye concentration:

_ 0.26
k= Cao,z (3)

TABLE 2

Rate Parameters, k, for Varying Initial Dye Concentrations,
Cp ppm

k 0.141 0.120 0.111 0.071
PPM 25 50 75 100
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Figure 3 — Graph showing Jog k against log RPM
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Figure 4 — Graph of (X/M}, against 1°* for various initial dye
concentrations
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Figure 5 — Graph sfrowing log k against log Co

It is apparent that the mechanism of Disperse Blue 7
adsorption on carbon is complex involving boundary layer
diffusion and intraparticle diffusion since an exponential
dependence on concentration of 0.2 js observed. The linearity
of the %3 plots indicates that while intraparticle diffusion
is the main rate controlling step throughout most of the ad-
sorption process a boundary layer resistance is experienced.

{iii) Effect of Particle Size Range

The results of contact time investigations for several particle
size ranges of carbon are shown in Figure 6 in the form of a
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X
plot ofﬁ against the sguare root of time. It is apparent that

as the particle size decreases, the fraction of dye adsorbed
increases. This may be explained, since for the same amount
of carbon, smaller particles have a larger total area for
adsorption. If the mechanism of dye uptake is one of
adsorption onto the external sites of a non-porous adsorbent,
the rate of uptake and hence the rate parameter, k, should
vary reciprocally with the first power of the diameter for a
given mass of adsorbent. This inverse relationship holds also
for porous adsorbents when the rate of transport to internal
surface areas is controlled by an external resistance. Con-
versely for cases in which intraparticle transport controls the
sorption rate, the variation should be with the reciprocal
of some power of the diameter [7].

The rate parameters were determined from the slopes of
the linear portions of the plots in Figure 6. The arithmetic
mean particle diameter, d,,, was determined for each particle
size range and a plot of k& versus dp, on log-log paper is shown
in Figure 7. A straight line is obtained which has a slope of
—1.0. Consequently the rate parameter, k, varies with the
inverse of the mean particle diameter,

{iv) Effect of Temperature
The results of the contact time experiments carried out at
temperatures above room temperatures are shown in Figure 8

X
in the form of a plot Df/T/; versus t*%. The rate of dye adsorp-

tion increases as the temperature is increased. An increase in
temperature accelerates the velocity of adsorption by decreas-
ing the viscosity of the dye solution, increasing the diffusion
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Figure & — Graph of (X/M), against t®5 at various carbon
particle size ranges
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rate of dye molecules and hastening the displacement of
dye already adsorbed in the pores of the carbon.

From the gradients in Figure 8 the rate parameters were
determined and plotted togarithmically as a function of the
reciprocal of the Kelvin temperature. Figure 9 shows the
variation is linear, and from the gradient an activation energy
of 34 kJ/mol was determined. The value lies within the
expected range for diffusion-controlled processes.

CONCLUSION

The rate of adsorption of Disperse Blue 7 on activated carbon
has been found to vary with agitation, initial dye concentra-
tion, carbon particle size range and temperature of the dye
sofution. The kinetics of the adsorption process indicate that
for a large proportion of the adsorbent process, intraparticle
diffusion is rate controlling although a resistance due to the
boundary layer is observed. A rate parameter, k, has been
defined and correlations between this rate parameter and
agitation, initial dye concentration, carbon particle size and
temperature have been derived, The activation energy of
adsorption has been determined to be 34 kJ/mol.
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Figure 8 — Graph of (X/M}, against t*° at various temper-
atures
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